ABSTRACT. Animals in captivity are frequently exposed to environmental deprivation resulting in abnormal behaviors that indicate distress. The aim of the present study was to evaluate the effect of the "surprise pack" environmental enrichment technique in improving the welfare of small neotropical felids in captivity. In order to accomplish this, we used five individuals from the Rio de Janeiro Zoo. The experiment was divided into three steps corresponding to: I) period prior to the enrichment, II) period in which the animals were being submitted to enrichment stimuli, and III) period after the enrichment. In phase II, we observed a significant reduction in abnormal behavior compared to phases I and III. Only in phase II did the animals demonstrate the following behaviors: predation, social interaction and territory demarcation. However, in this same phase, the mean time spent interacting with the enrichment throughout the day showed a decrease.
Felidae encompasses 37 species, of which 10 are found in South America (NOWELL & JACKSON 1996) . All neotropical felids are endangered , either due to degradation and fragmentation of their habitats or to predatory hunting (OLIVEIRA 1994) .
The maintenance of captive populations has an essential function in environmental education and research programs (LAW et al. 1997 , HOSEY 1997 and constitutes an important genetic legacy (DOBSON & SMITH 2000) . However, inappropriate environments adversely affect animal behavior, mainly due to the lack of stimuli (BOERE 2001) . In captivity, animals may not have the motivation, opportunity or need to exhibit a series of behaviors considered normal for the species (MACPHEE 2002) .
Under these conditions, many individuals develop abnormal behaviors that differ in form, frequency or context from the behaviors displayed by conspecifics living in the wild (BROOM & JOHNSON 1993) . Such behaviors include coprophagy, inactivity, hyperaggressivity, hypersexuality, low socialization, selfmutilation, and stereotyped behaviors, among others (BOERE 2001) .
Welfare can be provided through different techniques of environmental enrichment. Environmental enrichment considerably minimizes the boredom and depression that result from captivity by creating an interactive and complex environment that helps captive animals to behave in a more natural manner (SHEPHERDSON et al. 1993) .
Feeding enrichment, one of the most common forms of environmental enrichment, leads to an increase in time spent feeding by inducing foraging behaviors (YOUNG 2003) .
Environmental enrichment plans are difficult to develop for captive carnivores, due to their feeding habits and spatial needs. LINDBURG (1988) describes the feeding behavior of felids in four steps: first, the prey is located through vision, smell and/or hearing; next the predator moves furtively and approaches the prey (stalking); when it is near the prey, the predator chases it (hunting); and finally, the carnivore kills the prey. The prey is generally killed with a bite to the nape of the neck or through asphyxia.
Negative reactions from the public and ethical issues prevent zoos from feeding live animals to carnivores. Moreover, concerns about providing a balanced diet to captive animals have resulted in a diet consisting of processed meat that remotely resembles the natural prey .
Thus, studies that systematically aim to create and/or verify potential methods of environmental enrichment aimed to felids are necessary in order provide us with a better means to handle these animals and ensure their physical and mental balance. The aim of this research was to evaluate an environmental feeding enrichment technique for three species of neotropical felids in captivity, Leopardus geoffroyi (d'Orbigny and Gervais, 1844), Leopardus tigrinus (Schreber, 1775), Leopardus wiedii (Schinz, 1821), and to determine behavioral changes and possible improvements to their welfare. These species were chosen for our study because they present low birth rate in captivity, that may be related to high susceptibility to stress resulting from inappropriate husbandry and management (CARLSTEAD et al.1992) .
MATERIAL AND METHODS
The study area was the Reproduction Center for Small Felids, Rio de Janeiro Zoo -RIOZOO Foundation -located at Quinta da Boa Vista Park, in the neighborhood of São Cristóvão. The Center has a total area of 273 m 2 , and is divided into nine enclosures. Enclosures (15 m 2 ) are made of stone masonry walls, with the exception of the front part, which is made of wire mesh. The floor of the enclosures is covered with dust and concrete substrate. Plants and trunks are spread randomly, and a wooden box measuring 40 cm 3 is located in the upper part, which is used as a shelter. The animals remain in a restricted area, and have contact only with their keepers and technicians.
Five individuals of three different species were studied: two individuals of Geoffroy's cat, L. geoffroyi, one individual of oncilla, L. tigrinus, and two individuals of margay, L. wiedii (Tab. I). All animals had been born in free-living environments and have been in captivity between 2-10 years. During this study, including the days of enrichment, the animals continued to be fed regularly between 2:00 p.m. and 3:00 p.m. on commercial cat food, morsels of chicken and lab rats.
The surprise pack was used as environmental feeding enrichment. This pack consisted of a brown paper bag measuring 60 cm 2 , without any metal or plastic structure or adhesive tape, filled with around 10 morsels of raw beef hidden in the middle of dry alfalfa, and weighing approximately 15 grams each. The packs were not sealed, bud the edges were crumpled. One pack, randomly placed in each enclosure, always in a different place, was given to each individual. This environmental enrichment technique was based on articles published in the journal Shape of Enrichment (BUSH 1998 , KNAPIK 1995 , NEUFELD 1999 , PHILLIP 1999 , and had been previously tested in our enrichment program at RIOZOO.
Behavioral data were collected in May and June, 2005. An "ABA" design was employed consisting of baseline observations (Phase I), enrichment observations (Phase II), and post enrichment baseline observation (Phase III) totaling 35 hours of observations.
Baseline observations (Phase I) were carried out for nine consecutive days with the aim of establishing the behavioral categories presented by the animals studied. Each enclosure was observed for 10 minutes in the morning and for 10 minutes in the afternoon. A qualitative and quantitative ethogram was then constructed.
During the treatment (Phase II), enrichment items were given to the felids daily for seven days, always in the morning. The enrichment was placed randomly on the floor of the enclosure. After the enrichment was placed, the enclosure was observed for 30 minutes, until the next enrichment was placed in the next enclosure. In the afternoon each enclosure was observed for 10 minutes.
Post enrichment baseline observations (Phase III) were made for seven consecutive days, 30 days after treatment. This step aimed to ascertain how long the results of phase II would last. Each enclosure was observed for 10 minutes in the morning and for 10 minutes in the afternoon. The frequency of abnormal behavior was used as a welfare indicator. The behavior of animals during the study was recorded using the Focal Animal Method (ALTMANN 1974) . The observation sequence of each enclosure underwent some changes in order to avoid data dependency on different days.
In order to compare between the behavioral patterns in the different phases we used the Friedman nonparametric analysis of variance. Each individual was used as its own control. The Wilcoxon test was used to compare the mean duration of abnormal behavior between two phases. To analyze the duration of each individual's interaction with the enrichment during Phase II, we applied a linear regression analysis.
RESULTS
In phase I, 12 behavioral categories were identified (moving, grooming, drinking, eating, pacing, resting, inside the box, exploring, not visible, growling, urinating, and vigilant). These categories were classified as active, inactive or abnormal for further comparisons. The categories analyzed presented different duration (Friedman: 2 = 41.62, p < 0. 001), with the "resting" behavior presenting the largest mean duration, followed by the "inside the box" behavior, and the "pacing" behavior (Tab. II).
No significant difference was observed in the average frequency of activity between the three observation phases (Phase I = 0.10 seg/min ± 0.02, Phase II = 0.18 seg/min ± 0.02, Phase III = 0.08 ± 0.02) (Friedman: 2 = 2.8, p = 0.240). The animals presented a mean reduction of time spent interacting with the the enrichment pack throughout the days in Phase II (Friedman: 2 = 17.37, p = 0.008) (Fig. 1) . There was a significant reduction in the abnormal behavior of the animals when they were submitted to the enrichment stimulus (Phase II). The frequency of pacing displayed by Leopardus tigrinus varied significantly across the three phases (Phase I, Phase II and Phase III) (Friedman: 2 = 8.66, p = 0.010). Pacing was significantly higher before enrichment (Phase I) (1,09seg/min ± 0,31) than during the enrichment (Phase II) (0.23seg/min ± 0.19) (Wilcoxon: Z = 2.5, p = 0.010). Significant differences were also observed in the frequency of pacing during enrichment compared to the average frequency of that behavior in the period after the enrichment (0.48 seg/min ± 0.23) (Wilcoxon: Z = 1.96, p = 0.040) (Fig. 2) .
Leopardus geoffroyi (1) presented a significant difference in abnormal behavior frequency across the three observation phases (Friedman: 2 = 35.15, p < 0.001). Pacing was significantly higher before (0.33 seg/min ± 0.08) than during the enrichment (0.03 seg/min ± 0.01) (Wilcoxon: Z = 4.14, p < 0.001). Similarly, when comparing the frequency of pacing during (Phase II) and after enrichment (Phase III) a significant difference was observed, being higher in the Phase III (0,36 seg/min ± 0,06) then during the enrichment (Phase III) (Wilcoxon: Z = 5.34, p < 0.001) (Fig. 3) .
Similarly, for Leopardus wiedii (1) a significant difference was observed in the abnormal behavior frequency across the three phases (Friedman: 2 = 20.69, p < 0.001). Also significant difference was observed between the frequency of pacing be-
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fore enrichment (0.44 seg/min ± 0.11) and during enrichment (0.06 seg/min ± 0.03) (Wilcoxon: Z = 3.62, p < 0.001). Significant differences were also observed in the frequency of pacing during enrichment compared to the average frequency of that behavior in the period after the enrichment (0.24 seg/min ± 0.04) (Wilcoxon: Z = 3.55, p < 0.001) (Fig. 4) . For Leopardus geoffroyi (2) a significant difference in the frequency of stereotypic pacing across the phases was observed (Friedman: 2 = 19.44, p < 0.001). However the frequency of pacing before enrichment (0.26 seg/min ± 0.15) did not differ from the frequency of this behavior during enrichment (0.26 ± 0.07) (Wilcoxon: Z = 1.7; p = 0.080) (Fig. 5) .
Leopardus wiedii (2) did not present abnormal behavior, and was therefore excluded from these results.
During this study, it was observed that the animals presented behavioral patterns related to the capture of prey only when they were submitted to the enrichment stimulus. Such behaviors include: approaching the prey slyly, in this case, the enrichment; territory demarcation; and social interaction. During the enrichment, the animals carried the morsels of meat to the tree trunks or to a wooden box located at the top of the enclosure. Such behavior was not registered when these animals were fed regularly.
DISCUSSION
The behavioral pattern analysis in the phase before the enrichment stimulus showed that the animals spend most of their time inactive. The data agree with the study of which observed that small felids remain inactive 57% of the time during daylight hours. Studies that report the diurnal and nocturnal activity patterns for free-living small felids are rare. According to JOHNSON & FRANKLIN (1991) , Leopardus geoffroyi can remain inactive for 75% of the time during daytime.
Thus, efforts to increase activities of captive felids during the day as part of the environmental enrichment can be useless and unnatural, since many species have crepuscular and nocturnal habits (HUTCHINS et al. 1984) . According to , the enrichment should change the way these animals use their activity time, decreasing the hours spent on pacing and stimulating natural behaviors.
The surprise pack provision had a positive effect on the behavior of the subjects. This conclusion comes from the observation that the animals spent significantly less time on abnormal behaviors when they were submitted to the enrichment stimulus. The data agree with the study of MEREDITH et al. (2003) which evaluated the effect of two feeding enrichment techniques on five individuals belonging to two species of felids: African lions and tigers. Presenting live fish increased the variety and frequency of feeding behaviors, while presenting the horse leg bone only increased frequency. MCPHEE (2002), using carcasses as environmental feeding enrichment, observed an increase in natural behaviors and a reduction in stereotyped ones.
Collectively, these studies suggest that a greater enclosure complexity associated with new stimuli, such as different ways of presenting food, contribute to a reduction in abnormal behavior in captive animals, potentially increasing their physical and psychological well-being.
In addition, feeding environmental enrichment programs for small felids in captivity can stimulate the performance of behaviors presented by their wild conspecifics. The performance of natural behaviors in captivity in response to environmental enrichment can be extremely valuable in reintroduction pro- grams (SHEPHERDSON et al. 1998) . It is essential that captive animals are provided with environments that are rich enough to allow the performance and maintenance of typical behaviors for the species, needed for their survival in a natural environment (SHEPHERSON et al. 1998) . The two primary behavioral patterns that allow immediate survival are predation and the ability to look for food (YOUNG 2003) .
In general, the duration of the interaction with the enrichment object varied significantly throughout the days. We observed that the interest displayed by the individuals decreased during the enrichment phase. According to MELLEN et al. (1998) , small felids, like other organisms, get used to new environmental conditions or stimuli relatively fast. Due to this fact, environmental enrichment plans must be dynamic and constantly changing to effectively stimulate the performance of more characteristic behaviors in captivity.
Additionally, according to MELLEN et al. (1998) , no enrichment type causes an indefinite change -in behavior. This fact was observed in this study, since in the post enrichment phase, which lasted approximately 30 days after the stimulus had ended, the animals displayed abnormal behavior most of the time.
Studies related to environmental enrichment techniques have increased around the world in the last years. In Brazil, these techniques are still little explored, hence the importance of this study to provide deserving conditions for the well-being of captive animals.
